A proper assessment of the rate of unsustainable consumption of biomass fuel is important to determine the extent of the consequent environmental effects. In this paper, an evaluation was made of the rate of fuelwood (firewood and charcoal) consumption in Maiduguri metropolis, the capital of Borno state in Nigeria. Firewood and charcoal are the main solid biomass fuels consumed in Maiduguri city, in addition to rarely used animal dung, thatch, leaves, etc. These fuels are usually used in households, markets and industries for cooking, roasting and bakery activities. To quantify the rate of consumption of these fuels in Maiduguri (and their eventual negative effects), data were collected on the rate of supply of the biomass along highways leading to the city. The result shows a total consumption rate of 366 t/day of solid biomass fuel, with firewood accounting for 288 t/day and charcoal makes up the remaining 78 t/day. This fuelwood consumption rate is around 0.15% of the national figure. The resulting emissions of CO 2 , CH 4 , N 2 O, SO 2 , NOx, NMVOC, CO, NH 3 , PM10 and PM2.5 in kg/day are 433,488, 2160, 46, 83, 394, 2796, 34, 699, 19 .01, 5031 and 4884 respectively. Emissions of greenhouse gases stood at 497 t COe/day or 181,314 t CO 2 /year. A strategic shift to cleaner stoves and low carbon fuels is feasible and will enhance sustainable energy use.
H. Mohammed et al. oping world because it is cheaper and easier to extract compared to liquid and gaseous fuels [1] [2] [3] [4] [5] . Biomass fuels are used in various areas like cooking, heating, electricity generation, etc. Examples of biomass include wood, charcoal, peat, animal dung, etc. This study focuses on assessing the rate of solid biomass fuel consumption in Maiduguri metropolis, the capital of Borno state in Nigeria. Nigeria is a developing country located in sub-Saharan Africa. Over 70% of the population in developing countries depends on biomass as their primary fuel for cooking [6] [7] . However, the proportion of the population relying on biomass is highest in sub-Saharan Africa; in most cases with majority of the population relying on firewood and charcoal, accounting for over 90% of household energy consumption [3] [8] . In OECD countries, biomass demand comes mostly from the power generation and industry sectors, while in developing countries these sectors represent only 12% [3] . There are variations in the level of consumption and the types of fuels used.
The main use of energy in households in developing countries is for cooking, followed by heating and lighting. Due to the nature of the geography and climate, household space and water heating needs are small in Nigeria. In Nigeria, especially in rural areas, majority of the people rely on firewood, charcoal, agricultural waste and animal dung, to meet their energy needs for cooking [9] .
Household use of biomass in Nigeria accounts for almost 50% of cooking fuel [10] .
Issues relating to the use of biomassas fuels have been a source of concern because of their adverse consequences for health and environment. The process of burning such fuels is associated with harmful emissions of particulate matter (smoke) and gaseous emissions as a result of incomplete combustion of the fuels [11] . Also, the process of collection and processing of these fuels is time consuming and requires tremendous energy. Continuous and unsustainable use of fuelwood leads to permanent removal of trees giving rise to deforestation. This phenomenon has negative environmental impacts including reduced biodiversity (loss of habitat leading to loss of animal and plant species), increased greenhouse gases due to lack of CO 2 absorption, soil erosion and flooding [12] [13] . And considering population growth and the consequent demand for energy in Nigeria, this negative effect will continue to intensify geometrically. Therefore, the paper will critically look into the rate (and areas) of biomass consumption, the resulting harmful emissions and their effects on the environment and ways to provide solutions to those effects. The paper is structured as follows. Section 1 is the introduction which gives an overview of the paper work, including aims and objectives, scope and the study area. Section 2 presents the methodology and primary data obtained from the field. Section 3 deals with the explanation of the secondary results sourced from the field data and what this means to the society. The consequent environmental effects of biomass consumption are elucidated here. Section 4 draws conclusions from the work and put forward some recommendations for further steps towards a sustainable environment.
Aim and Objectives of the Study
The aim of this paper is to determine the rate of consumption of solid biomass fuels in Maiduguri metropolis and suggest ways of minimizing the resulting health and environmental consequence.
The objectives are:
• To determine the rate of biomass fuel (firewood and charcoal) supply into Maiduguri city;
• To evaluate the rates of harmful emissions due to biomass combustion using wood densities and emissions conversion factors from the literature.
Since there is no special place where firewood and charcoal are continuously accumulated in the city, and also the variations of the fuel quantities with wholesalers, retailers and final consumers are not biased in any direction but rather at any given time, swinging about a particular center point as an average, we can conveniently assume that equal amount of the daily supply into the city is consumed on a daily basis in the city. The daily supply is used to replace the daily demand for the fuels within the city, and hence is equal to the daily consumption by the city. Therefore, data on the daily supplies are used to estimate the rate of consumption of biomass within Maiduguri. Consumption of other biomass fuels (such as animal dungs, thatch, leaves, etc.) in Maiduguriis considered negligible.
The Study Area
Maiduguri is the oldest city in the north-eastern part of Nigeria. It is roughly located betweenlatitudes11˚46' to 11˚53'N and longitudes 13˚2' to 13˚13'E [14] .
The region was home to the Kanem-Bornu Empire for centuries. Currently, the city has a population of about 1,146,397 people (with a growth rate of +1.51%/yr), which is about 0.6% of Nigeria's total population [15] . With an area of 330 km 2 , the population density is around 3470 inhabitants per km 2 [14] . 
Methodology and Data
The daily consumption of firewood (FWD) and charcoal (CHL) in Maiduguri The average mass of a bag of charcoal is determined by visiting three different charcoal business centers/dealers within the city. From each dealer, three bags are taken at random and weighed separately using a hanging scale to obtain their masses after which the average mass of the three bags is calculated. Similarly for the next two dealers, the averages of three bags picked at random are calculated to obtain a total of three averages of three bags each. Then, the average of the three averages (the overall average, AVG) is calculated further to achieve a more accurate representative mass of a charcoal bag. Information on the ratio of the type of wood used as firewood and charcoal was also collected. The trees used are mainly neem and various species of acacia. Along each road, two full days are used for data collection and their average is used as the daily intake through that road. Several tens of firewood and charcoal carrying vehicles enter the city from various entry points. Table 1 below presents the total daily intake of firewood and charcoal fuels on the selected data collection days.
Result and Discussion
Supplies of biomass are abundant in many communities in Nigeria as they are in Maiduguri metropolis. This is because they are the only affordable energy source for majority of households in the developing countries. The commercial production and distribution of firewood and charcoal generates significant employment and income in rural as well as urban areas [23] [24] [25] . In the absence of policy actions towards a cleaner environment, the consumption of such solid biomass will continue to increase because of population and economic growth. High international energy prices may also affect a smooth shift to cleaner and more effi-
cient use of energy sources. Use of biomass is not in itself a cause for concern but rather unsustainable use of the resource and inefficient energy conversion technologies will have serious adverse consequences for health (through exposure to indoor air pollution due to biomass combustion), the environment and economic development [3] .
Negative Effects of Biomass Fuel Consumption
Reliance on biomass resources in Nigeria cannot be regarded as sustainable due to high rates of deforestation [26] [27] and negative environmental impacts. In most transition economies, the conversion technology of biomass to energy is efficient and the resources are generally managed in a sustainable way, whereas in Nigeria, the technologies and practices are much less efficient. Uses of three-stone fires, cook without ventilation or harvest at an unsustainable rate are common.
Also, valuable time and effort are devoted to fuel collection instead of wealth creation. Environmental damage can also result, such as land degradation, deforestation and regional air pollution. Traditional stoves using biomass fuels emit large amounts of particulate matter, carbon monoxide (CO) and other noxious gases [28] and constant exposure to such indoor emissions whose concentrations are significantly higher than World Health Organization standards would have adverse effects on health, especially women and children. Table 2 below shows the total daily consumption of biomass fuels in mass (ton) and the resulting harmful air emissions due to their combustion.
National Solid Biomass Consumption
According to UN [34] , the annual national consumption of solid biomass (fuel- wood bulk densities of species belonging to a vegetation zone are then determined. The frequency of occurrence of these plant species will be directly related to the land area of their vegetation [39] [40] . The overall mean value of national (fresh green) wood density is therefore estimated from this information as presented in Table 3 [44] , the percentage distribution of households by cooking fuel in Bornoas at 2010 was around 95.3% wood, making it the third highest state in the country after Yobe and Bauchi, this does not mean the state (represented by its capital) is the third highest consumer of biomass in terms of quantity (as support by the research results in terms of the national share in Maiduguri of 0.15%). This low consumption is further buttressed by Naibbi and Healey [45] and NBS [46] and could be a result of other controlling factors such as per capita consumption and population size in addition to poverty. Another factor is the reduced fuelwood business in the city due to the prevailing security situation in the state and the north-east in general. However, the overall perception is that there is a predominant culture of fuelwood use in the north-eastern part of Nigeria since dependence on biomassas energy source is strongly correlated with poverty levels [47] , which is much common in the region [48] . The absence of this temporary restriction of biomass use will likely mean an increase in biomass consumption within Maiduguri metropolis and the entire north-east zone.
A Possible Transition to Modern Fuels
The combination of energy sources for cooking, baking and roasting can generally be categorised as: 1) Traditional such as dung, agricultural residues and for cooking. Heavy dependence on biomass is concentrated in (but not confined to) rural areas. Almost half a billion people in urban areas also rely on these resources [3] . As incomes among poor families increase gradually, their preference may shift towards modern facilities for cleaner and better energy services. But a complete transition from traditional biomass to modern energy forms is not a linear process. The assertion that electricity substitutes for biomass might not be real because poor families tend to be selective in using energy services. Electricity is mainly dedicated to lighting, locomotive and communication devices in addition to occasional uses for cloth pressing and water boiling, while cooking which is a frequent and energy intensive area is mainly done with solid biomass and kerosene. In the absence of full access to electricity energy, which is recently about 58% in Nigeria [43] and about 28.5% in the North-east [46] , electricity consumption is minimal and thus represents a small share of total household consumption in energy terms, especially in poor homes that do not have alternative electricity sources like off-grid generation system. Also, lack of electricity means absence of refrigeration and hence more cooking since food is spoilt and wasted.
The two common determinants in the transition from biomass to low emission energy use are fuel availability and affordability through free market forces and cultural preferences through government influence in a top-down manner. Alternative fuels and technologies may be available at reasonable cost but if a modern distribution infrastructure is not fully in place, households cannot obtain easy access to modern fuels, even if they are affordable. LPG penetration rates are low in Nigeria as in many developing countries, partly because distribution infrastructure is lacking [50] . Even when modern fuels are afford able, consumers may prefer using biomass if they remain relatively cheaper. The perception in poor societies that biomass is often free and readily available will seriously hamper a smooth transition to modern energy sources. Even when traditional biomass fuel is purchased, it is likely to be cheaper than the cheapest alternative clean fuel. The affordability of fuel combustion equipment is just as important as the affordability of fuels. The initial cost of acquiring low emission stove such as LPG stoves and LPG bottles may further discourage many users from switching away from biomass. In some cases, traditions determine the fuel choice regardless of fuel availability and income. For instance, even rich households keep a biomass stove for preparing special traditional food [3] .
Therefore, the only feasible transition in heating technology in Maiduguri city (and in most developing societies) so far seems to be a transition to energy effi- [54] for large-scale production of the technology through local entrepreneurship and it is expected that in the next few years, high availability will drive down costs, which in turn will stimulate the adoption of the technology and will become the dominant household equipment for heating in developing countries including Nigeria. An increased funding from both public and private sectors is likely to accelerate this transition.
Conclusions
The assessment of the consumption of solid biomass (fuelwood) in Maiduguri metropolis (the capital of Borno state in the north-eastern region of Nigeria) reveals consumption rates of firewood and charcoal of 288 kg/day and 78 kg/day respectively. This is just about 0.15% of national biomass consumption rate. The per capita rate in Maiduguri stood at 0.117 t/cap as against the national figure of 0.465 t/cap in Nigeria. The low percentage in Maiduguri city is partly due to a reduced access to fuelwood trees in rural areas as result of the prevailing security situation in Borno state. The study also indicated the environmental consequence of biomass use in the city. The use of solid biomass for cooking, commercial business and industry is associated with indoor pollution and damage to health. Greenhouse gases emission rate is 497 t COe/day or 181,314 t CO 2 /year. The inefficient use of biomass energy in Maiduguri which is generally through the practice of open-fire three stone stoves has localized environmental effects and health implications, particularly, for regular users (women, children, bakers and roasters, etc.) who are often close by during the combustion process. Thus, respiratory related diseases due to indoor smoke are common. Deforestation with its attendant consequence is also prevalent. The absence of efficient and affordable energy services can severely damage public health and the environment in poor societies. Two complementary approaches can improve the environmental issues associated with unsustainable consumption of biomass fuels. The first is promoting more efficient and sustainable use of traditional biomass and second is to encourage users to switch to modern cooking fuels and technologies. However, this is not a trivial societal change that can be caused by regular policy processes but will need a strategic, visionary, vigorous and concerted action by relevant actors (government, business, society and technology) to achieve such targets in the long term. Institutionalized government development strategies must be in place to promote sustainable, cleaner and more efficient use of fuels and technologies by addressing barriers to availability, accessibility, affordability and culture. A shift from (traditional) wood to (intermediate) charcoal, through the modern biolite stove to using low emission fuels such as LPG has a significant positive impact on the overall health risk factor. Moreover, the effects of deforestation are lessened and time is regained by women and children for more productive activities instead of gathering fuelwood for open fires. However, the appropriate energy mix within a society will depend on local circumstances such as per-capita incomes and the availability of alternative fuel and infrastructure system. Pioneers of low emission heating systems should focus on sustainable market development by using a market-based approach (free market forces) and top-down government regulation to penetrate the society. For cost to be low, manufacturing/transformation activities must be in large-scale and this would call for local entrepreneurship and skills development to stimulate local markets. Subsidies must be available to provide clean cook stoves to people in areas with high poverty rates. This will reduce damage to the environment and health and enhance standard of living amongst the citizenry.
